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SUMWRY

Resultsare“presentedofflighttestsmadeto detemineWe
m?fectofflapdeflectiononthelateralcontrolaharacterlstica of
a modifiedBrewsterF2A-2air&mo equippedwithpartial-span
nerrow-chordaileronsIonthetraQingedgoofa fU-span NACA
slottedflap.Theinvestigationincludeddeterminationof the
rollingandyawingchsractoristlcsoftheafrplaneinabruptaileron
rollswiththeslottedflapet varioussettingcrangi~frdm0° to
about4.0°.

Theresultsshowedthattheeffactivenessoftheaileronswas
@?eatlyreducedat fl..spdeflectionsgreaterthanabout20°. For
flapdeflectionsup toaboutA200,theaileroneffectivenesswas

-.

aboutthesnrne”abkLth-@a~sretract@.,but,the.adverse-yawing
..

velocitydevelopedintheabruptaileronrolls WE! SOEEWhat
increased.Thisincreasein theadverseyawirqvelocity,however,
wss notconsideredobjectionable-bythepilot, . .,.. .,. . .

,, . .
,, ,.. . . . .

lNTRODQCTION “.
—

,.. . .. . . . . . .,”

MuchinterestJms.bqenevidmcedin thepossibilityofusing
narrow-chordaileronson theflaptrailing-edgetoly?ovidelateral
controltiththe u.ae“off@.1-span s~ott~d flap.

,..
?Jind-knneltests

(references1“snd2) indicatedthat&eh an armnfiementwould
probablybeunmtlsfactorybecauseof:aserious?ecrmsointhe
e~ffoctlvonessof theaileronsat largeflqyC@flections.:Fli.ght
testshavesubsoguehtly”bdtibti~e”o~& BrewsterWA-2 airplane
fittedwithan eqxmimentalwingticorporatiti~fd.1-epanslottod
‘flaps* tirrow-mordaileronscmtheflaptmilin~od~.

.- —+
Theeqez&mtal.K&mai-cmWol installationintheWA+ air-

@.aneTRW Ori$indlyarrangedsothatthofkp-’firailtig-od6@ailer~ ‘
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wereoperatedonlywiththeflapsretractedm?at smll deflections
andslot-lipaileronswereusedat largerflapdeflections.The
resultsoffli@ttestsof suchm arrangementarepresentedSn
reference3.

Thepresentpapergivestheresultsofflighttestsofthe
narrow-chordaileronsontheflaptrailtngedgewithflapdeflec-
tionsof0°,21°,32°,and42°. In additiontotha&etermlnation
of therollingeffectivenessof’theseailerms,a’ttentlcnwag given
to theyawingmotionaintroduced.bytheailerons88affected-by
flaydeflection.

. . .
.

.-

A BrewsterF4-2 airplane,fittedwitha specialting
incorporatingfull-spanNACAslottedflapsandbothpartial-syan
fL3p-tru3iMng-edgeaileronsandslot-lipailerons,wasusedfor
thetests. = 5 -r. -.1 - -~.,

A completedescriptionoftheairpkneIs giveninrefer-
enw 3. Airplanedimnsicnspertinenttothepresenttestsam .
givwnasfollows: ., .=-

.
wing: *
Span,fto . . . . . . . . . . . . . . . . . . . . . . . . . . 35
JWea(incluting30.8Sqft offuselmge),sqfi . . . t . . .208.9

Airfoilsection:
Root ● . . . .
Tip . . . . .

wmg flaps(NACA
Totalarea!sq

IWapsemispan
Tr,~~e14ae~ .

..*.., . . . . . . ,0... .*, NACA’23018”

. . . . . . ● . . . . . .*,.., ., IWX23009

slottedtype):
ft ● ● .* ● ● ● ● . . . ● .*. . * 4 . . ● )*4.8
. . . . . . . . . . ,,,,, ,.. “;24it @ in.
. . . , , . . . . . . . , . . , , . . , . ,..,. 50.-

Chmd (25percentmeanwingchord),in. . . . . . . . . . .19.05 ,+—
Flap--trailing-edgeailerons:
Sp:m(each). . . . . . . . . . , . . . . , . . . , $lft~in,
Chcmd(10~ercentm.cmnwingchord),in, . . . . . . . , . . . .~

.

Ama (rmrwardcfhingeline,each),sqft . , . . . . . . .5.6
%kvel . . . . . . . ... . . . . . . , . . . 17s5°Up, 17.+ down i
Bakncoarm(oach),sqft-. . . . . . . . . . . ... . . . .. 1.76

—-. _.. —
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Verticaltail:
Verticalspan.
Areajsqft . .

.

3

Wei@tas flownfortests,lb . . . . . . . . . . . . . . . .05&M3

V~ewsoftheairplaneare.@ven as figures1 and2, anda sketch
showingtheplanviewoftheflapandleteml-controlarrangement
onthewingis givenasfigure3. .

Positionsofthefull-spanslottedflapwithrespectto the
whg etvariousflapdeflectionsareshowninfi~e 4. A cross
sectionoftheflap-ts:~l~g-ed~eailerons,whichwereinternally

—.

lwd.anced,is ~hom iII fiwe ~. Therelationsbetweencontrol-
s~i.ckpositionanddeflectionsoftheflap-trailing-edgeailerons
aregiveninfigure6.

Forthepremmttests,theI.ateral-contzolsyirtanwasarranged
topermitfulloperation’oftheflap-trailing-edgeaileronsat all
flapdeflections.Theslot-llpaileronswerelockedintheir
neutralpositionforalltests.

were

Time

m31!RuMENTnw3r-roN

ThefollowingNACAphotographicallyI%cbrdinginstrwaents
installer3intheairplane:

Itemmeasured NACAinstrument

. +-second Chrcmometrtc%*er
‘z

Airspeed Airspeedrecorder
Yositionofcontrolstick Three-ekaentcontrol-position
andrudderpedals recordcm

Positionofright.2ilercm Electricalcontrol-position
recorder

Rollingvelocity Anguler-velocityrecorder
Yawingvelocity Angul.ar-volccityrecorder
@e ofyaw Recordi~yawvane

AU therecordjzzinstrumentsweres~chrotizedby thetimer.
Theairspeedrecorderwasconnectedto a swivelingstatichead,
fYeetorotateinbothpitchandyaw,and.to a shieldedtotal-

, pressmetube,bothofwhichweremountedona bocmexkndi~
2 chordaheadofther@t wingtip. Theyawvanewasmountedon
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a Eimilarboomontheleftwingtip. Thethreo-element-can’trol-
‘positionreonrdorwansituatedinthecockpitnear@e baseox
thgstick.Thoeloctrtcalcontrol-positionyecadQrWSamtitid
ontheuypersurfaceofthez-lghtwingad@centtotheinboardend
0??theaileron. . .

Thotests,consistingofabruptafleronrolJ.8.withthe
rudderheldfixedinitstrimpositionl.weromadeinaccordance
withtheprocedureoutlined.inreference!L.FuXL-control-
de:~lectionrollsweremadeat variousatrspodsintholow-sped
rangeforflapdeflectionsof0°,21°,3’2°,and42°. Sev83ral
partial-ocntrol-deflectionrollsweremadeat onoairspeedfor
ea!>hoftheforogofngflapdef,lectio~exceptfcr&o “fls-”deflec-
tion.Thetest8weremadeat aliittiesbetwwm7066 and-% m“ ma.
Typtcaltiuwhistoriesof’thesemanaumreare,ehowninf@ro 7..-

,- .:. .-s

“-“~he”effectivene~softim“fiap-trailin&e&eailerims- in
te].~oftM helixanglepb/cV - isplottedagainstright
ai:,orondeflection&am trim,forthevarlouaflapdcflocticns
tothd,infigure8 a@ a~lnstcalibratedairspood.,forapproxi-
Dlatelyfullcontroldeflection}infigure-g.Thoyrlncipalc~- .
actoristicoftheaileronsindicatedby thesoresultsis thovarie-
%iori-fneffectlvonosstithflapdeflect~on.~ ordm to show~ie
variationmoredirectly,thefaireddataoffigure9 am crms-
plc)thd. againstflapdeflectioninfigure10fora calibrated
airspcodof95milespm hour;forcomparison,da~ obtainodfra-
rof’emnce2 forflapdefloctionaof0° and.10°are040 eho.wnin
figyzre10. Thoresultstit@e@m_hv@L@lons @lOWa dis___.....
cr@p@cyofabout10p6rcentintheabsolutevalueof pb~e~ with
flap“tiutral;thisMscrepencysu&joststhatch8n@smy have
occ~r~dinthe.&irplaneduringtheyearhetweonthotwoseriesof
teats● ~oth~njestigatj.ens,howevor,.inUca~~=:3i@w:r&or@tn
‘&e”e~fgctofs@iU flap doflmctionaon.@lWw MO.xtivwuxm;
the”t6staofrofti%nce3 showno changeineffoctivcnessforflap
doflec%ionsupto10°andthoprosonttestsindicateonlya small
docromwindfoctivonc,sswiththeflapd.efloctdup to about20°.
Forflapdeflectionsgreaterthanabout20°,thoalloroneffective-
nessdncrcaaesrapf.dly,untilat 42°flapdo~loctionthoofi?ectivo-
neasIsonlyabout45percentof thoeffect:voncmswithflapsup
fortheairepaodshown.At lowerai.mpoods,tho&creaseinthe
off%ctlvcmossisevcm~oa.ter.Theserosulix+aroIngonccml
a=o~nt withWtnd-ttmnelremil.ts(rofmwncoslJaI@2)..,- .-, - .:>----..+--”- .’:.—.?
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Reference3 pointsoutthat althoughthe effecttveneseofthe
flap-trailing-edgeaileronsontheF2A-2airplanewasnotconsidered
entirelyadequatewithflapsneutralorbflected10°,theeffec-
tivenesscouldprobablybemadesatisfactoryby a moderateincroasu
intheafleron-deflectionran~e.Theresultsofthepresenttests
indicatothatthisconcheionisalsoapplicableforflapdeflec-
tionsup toabout20°. Fa largerflapdeflectionsit is improl?ablo
thattheaileronscouldbemadetoprovidesufficientcontrolby”
anypracticalrncdifications.

As an indicationof thoyawingmotionstitroducedinthe
abruptaileronrolle,themax~umanglesof sidesllpdeveloped
(seefig.7) areplottedinfigure11againstcalibratedairs~eed
tor the flapdofloctiomtested.Thedirectionofrollseemsto
affecttheamountof sidemllpduringtheroll,andthesideslip
appearstobe,forthemostpart,lesswl.thflapsileflectedthan
withflapsup. Fora @ven rollingeffectiveness,howover,the
angleof sideslipgeneral~vincreaseswithfla~dt3flection.

.

Thevariatfonoftheratioofmaximumadvacseyawi~ vebcity
toma~um &ollingvelocitydeveloped.in theabruytaileronrolls
withcalibratedairspeedattheflapdeflectionstestedis given
iDfi~e E. The variation of thisratiowithfl.zpdofloction
is showninfigure13 l?ora..calibratqd.qiras~edof.~.miles.per
hour. Theseresultsshowthatat 95miles pm?how tho’rat,ioof
maxlnmmad.ver.&3yawingvelocitytorolli~velocityincrez3sm3from
approximately20 pcwcentwithflapsup toabout60percentfilth
flapsdef3.octod4S0. ..

Thesidmlipmdyawing characteristicsgivcminfiguresM.
to 13areconsibredofpracticalimport+ceon& forflapdeflec-
tionsup,toabout.20°becauseat largerflepdeflectionthe
aileronshavesolittleGftoctlvonessinproducing-rollthatother
ch6qactoristics.arooflitt.le”sigmt~icance.

.—
Forthofirst20°of

flapdeflection,theincreaseinthoan~q-of,
rollingeffoctivonesbandtheincreesointho
velocityworenotconsideredobjectionableby

CONCLUDINGREMARKS

Theresultsofflighttentsofpartial-spannsrrow-chord
aileronsonthotrailingedgeofa full-spanNAM slottedflap
indicatedthattithflapdeflectionsgreaterthanabout200the
aileroneffectivenessdecreasedrapdfly,untilat&O flap
deflectionthen-~ximumofi’octivenossobtainedat lowairspeeds

given
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everaeedonlyabout.45
re”awcted.Dt3floction

37ZATN No-,1188

percentoftheeffocttvenesswithflape
of theflapsup to about20°hadlittle

.

ef:?ectontherollingeffectivoneseof theaileronsbutresulted
in..somsincreaseintheadverseyawingvelocitydevelopedintho
abruptaileronrolls.Thisincreasein”theadverseyawingvelocity,
hoyeverj.wasnotconsideredobjectionableby thopilot,.-

Lsn@eyMemorialAeronauticalLeboratcmy
NationalAdviecmyConuuitteeforAeronautics

La.n@.ey”Field,Vs.,October25,1946
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Figurel.- Three-quarterrearviewofF2A-2airplanewithfull- g
spanslottedflapdeflected.Flapdeflection,50°,

w
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Figure2.- Three-quarterrear viewofrightwingofF2A-2
airplanewithfull-spanslottedflap. Flapdeflection,10°;
flap-trailing-edgeailerondeflecteddownward.

.,
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Figure 3.- PlaRform of HA-2 wingwithfull-spanslottedflap,flap-traillng- #.
edgeaileran,and slot-lipaileron.
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Figure11.- Sideslipanglesdevelopedin abruptaileronrollswithflap-tralling-
edgeailerons.Approximatelyfullcontroldeflection;level-flight
power.F2A-2airplane.
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Cdjbruted ~irspeed, mph

Figure 12.- Ratioof maximum adverse YawlnQeloCltY to maximum rolllngveloolty in
tabrupt aileron rolls with fl p-trailing-edge ailerons. Approximately

full control deflection; level-flight power. F2A-2 airplane.
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~lgur%13.- Rat10 of maximumELdV%rEv3yawing Velooity to maximum rolling velocity in
abrupt aileron rolls with flap-trail iILg-%dgC3allerons. Average of
right and left rol16; calibrated airspeed,95 miles per h~; apprMi-
mately full centrol defleotIon; level-f1Ight power. F2A-2 airplane.


